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NDACC harmonized formaldehyde time series from 21 FTIR stations covering a 
wide range of column abundances 
Abstract 
Among the more than 20 ground-based FTIR (Fourier transform infrared) stations currently operating 
around the globe, only a few have provided formaldehyde (HCHO) total column time series until now. 
Although several independent studies have shown that the FTIR measurements can provide 
formaldehyde total columns with good precision, the spatial coverage has not been optimal for providing 
good diagnostics for satellite or model validation. Furthermore, these past studies used different retrieval 
settings, and biases as large as 50% can be observed in the HCHO total columns depending on these 
retrieval choices, which is also a weakness for validation studies combining data from different ground-
based stations. For the present work, the HCHO retrieval settings have been optimized based on 
experience gained from past studies and have been applied consistently at the 21 participating stations. 
Most of them are either part of the Network for the Detection of Atmospheric Composition Change 
(NDACC) or under consideration for membership. We provide the harmonized settings and a 
characterization of the HCHO FTIR products. Depending on the station, the total systematic and random 
uncertainties of an individual HCHO total column measurement lie between 12% and 27% and between 1 
and 11x1014 moleccm-2, respectively. The median values among all stations are 13% and 2.9x1014 
moleccm-2 for the total systematic and random uncertainties. This unprecedented harmonized 
formaldehyde data set from 21 ground-based FTIR stations is presented and its comparison with a global 
chemistry transport model shows consistency in absolute values as well as in seasonal cycles. The 
network covers very different concentration levels of formaldehyde, from very clean levels at the limit of 
detection (few 1013moleccm-2) to highly polluted levels (7x1016moleccm-2). Because the measurements 
can be made at any time during daylight, the diurnal cycle can be observed and is found to be significant 
at many stations. These HCHO time series, some of them starting in the 1990s, are crucial for past and 
present satellite validation and will be extended in the coming years for the next generation of satellite 
missions. 
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FD)"8)%( ( ,"A/&#$*1D("*3F'!(  %&$(%$.)#*"*%$ ,%(( #*?=2,%)"3%A48(,&2( ,"%/A"&A/-,%.)*%( /%D#1 %&$4F,"("(  %&$( G"/"A#)/(&)/D(&/- %&$0"(#/"10"$ (#$*"/.)"/1(G?.&$*% %&$(=#(%$A"% ,"/ ,",%A,1/"(&)# %&$(-". /&0" "/([/#G"/867N=869N=867H!=$*\&/869H!=2,%.,.$.,%">"(-". /)/"(&)# %&$&+7477L9.0]8&/D" "/=&/ ,"[&0"0 Ĉ_=2,%.,.$.,%">"(-". /)/"(&)# %&$&+7477T.0]84F,"&$)?)&2"/(-". /)/"(&)# %&$(-". /&0" "/5747R.0]8:#("*%$ ,%(( #*?%( ,"[/#G"/@"/ "B N"B%.&I% ?4F,%(%$( /#0"$ %($& .."- "*D? ,"̀ ĈII3F'!( $*/*( -/"("$ a ,"/"+&/"N"B%.&I% ?%( ,"&$)?(% "%$ ,%(( #*? , 2%)$& D"-/ &+̀ ĈII4F,"+&/0)*",?*"(-". /)(%A$ #/"(#("*%$A/&#$*1D("*%$+//"*0"(#/"0"$ ()%"%$ ,"L4Rb0/"A%&$$*D"1)&$A & ,"c8$*c9D$*(4F,%(%0-)%"( , =+&/HIHJ=I36&/d[/D"0(-)% "/$*$% /&A"$1.&&)"*'$KD*"1 ". &//"#("* &A" ,"/2% ,$&- %.)e) "/2,%.,#(#)?.&>"/( ,"6T77QLL87.0]8/"A%&$5.)"*$̀ K̂I1Le) "/a("""4A4K"$ "$" )4=677_:4C K f" "/(D#/AD/&*"/e) "/%(#("*58g77QLT77.0]8:4F,"(-". /)/"(&)# %&$.$D"/"1*#."*%$&/*"/ &%$./"(" ,"(%A$)1 &1$&%("/ %&5K̀ !:4'$-/. %."= ,"(-". /#("*%$ ,"-/"("$ ( #*?,>"/"(&)#1 %&$D" 2""$7477L9$*7477<.0]8="B."- +&/N"B%.&.% ?5747g9.0]8:4H[/&/̀ 6J.")0"(#/"0"$ (/"/"A#)/)? G"$ &>"/1%+? ,")%A$0"$ &+ ,"%$( /#0"$ (4F,"%$( /#0"$ )%$"(,-"5'hK:.$D"&D %$"*D?$)?(%$A ,"(".")0"(#/"1 	h&. %&$(&+ ,"3F'!(  %&$(-/&>%*%$AHIHJ & ).&)#0$(40"$ (#(%$A ,"h'̀P3'F-/&A/00"5H("" )4=8<<<:4F,%('hK.$%0-.  ,"(,-"&+A(D(&/- %&$)%$"(=$*% (*" "/0%$ %&$D?h'̀P3'F.$D"#("*($%$-# -/0" "/%$ ,"+&/2/*0&*")&+ ,"/" /%">).&*"(5K". 4646:4 		
	i


























 !"#$%  !"#$"  !"#$&  !"%  !"%$ '($()'($((*(($((*($() +,-./$-)-0-123456- ()  !"#$%  !"#$"  !"#$&  !"%  !"%$ '($()'($((*(($((*($() +,-./$-)-0-789)" !"*$!  !"*$&  !"*$:  !""'#' ')() # )('# +,-./$- -0-123456- ()  !"*$!  !"*$&  !"*$:  !""'#' ')() # )('# +,-./$- -0-789)" !!&$  !!&$%  !!&$"  !!&$&  !!:'*(*)()* )('# +,-./$-#-0-123456- ()  !!&$  !!&$%  !!&$"  !!&$&  !!:'*(*)()* )('# +,-./$-#-0-789)" !&($*  !&)  !&)$*  !& '($( '($()(($()($( +,-./$-%-0-123456- ()  !&($*  !&)  !&)$*  !& '($( '($()(($()($( +,-./$-%-0-789)";<= ;>=	
























































 !"#$ %&'#$  ()#$ *+,#$  !"#-./#.#/ #.#/ 01234567689:6;  !"#$ %&'#$  ()#$ *+,#$  !"#-./#.#/ #.#/ ;<=>?3@1AB676CD:6;  !"#$ %&'#$  ()#$ *+,#$  !"#-./#.#/ #.#/ EF1?3676CC:6; !"#$ %&'#$  ()#$ *+,#$  !"#-./#.#/ #.#/ GH21A5676I8:6;  !"#$ %&'#$  ()#$ *+,#$  !"#-./#.#/ #.#/ JKB5A4<?5676IC:6;  !"#$ %&'#$  ()#$ *+,#$  !"#-..L/##L/MML/N #.#$ JO6P3O32@Q12R676I9:;6 !"#$ %&'#$  ()#$ *+,#$  !"#-..L/##L/MML/N #.#$ STUVUWXYXZ[\X]  !"#$ %&'#$  ()#$ *+,#$  !"#-..L/##L/MML/N #.#$ _̂T̀aXYXbc\X]  !"#$ %&'#$  ()#$ *+,#$  !"#-./#.#/ #.#/defag̀hiUXYXbj\X]XYX_khXlX[XmV !"#$ %&'#$  ()#$ *+,#$  !"#-.#MNn/$- #.#$ opTpWhpXYXbb\X]  !"#$ %&'#$  ()#$ *+,#$  !"#-..L/##L/MML/N #.#$SpekqUTXYXbr\X]XYX_khXlXstuXmV  !"#$ %&'#$  ()#$ *+,#$  !"#-./#.#/ #.#/ vi_W_XYXwx\X]XYX_khXlXwtbXmV:	
 yy z{
|












				



















  !"#$ %&#' !"#( %&)# !")$ %&)' !")(#)$*+ )#)' ,-./-012-03045067  !"#$ %&#' !"#( %&)# !")$ %&)' !")(#)$*+'8 )#)' 9:;<2=2/>030?@607  !"#$ %&#' !"#( %&)# !")$ %&)' !")(#)$*+ )#)8 ,AB>C20D>;E030?@607 !"#$ %&#' !"#( %&)# !")$ %&)' !")(##F'))F'$ )#)8 G-H-=-H>I2030J607  !"#$ %&#' !"#( %&)# !")$ %&)' !")(#$+8K )#)8 G2H;20LA:M2030@60N  !"#$ %&#' !"#( %&)# !")$ %&)' !")(#)$*+'8( )#)' N->/;OPA/>Q0304?60N !"#$ %&#' !"#( %&)# !")$ %&)' !")(#)$*+ )#)' ,->R20304?60N  !"#$ %&#' !"#( %&)# !")$ %&)' !")(#)$*+ )#)8 S2:2/T2/T030UV60N  !"#$ %&#' !"#( %&)# !")$ %&)' !")(#)$*+'8 )#)' 1-.RAH030VW60N	XYZ[\]̂_ àb[cZdefeg\Z\b̂hẐì [cj̀Ẑahh̀klmb\abh]c\b\nZ[dZopqrs àbcioàa[\cboac]Zt[tn\]c\bocjĥab[un[\aòavnb\aub[v]nw]x̂ayâefegcn\acboac]Zt[icn[wẑiauZob[waub[voavhẐZiocmb[v̀ Zvâvb\bj̀bwa[\b̂n[adZoobt Z̀vâvb\b{b̀wa[\bvnb̀Z[vcdZò Zvâvb\bc̀ZZ\]avz_\]apqrs|}m~q]apqrsaoZozbocoaoaca[\\]a\Z\b̂i[hao\bn[\nacn[̀ Z[\]̂_̀ ab[ct]nh]uvia\Z̀ Z[\]̂_byaobwn[wuboà bn[̂_\]ac_c\àb\nhi[hao\bn[\nac~q]à ZvâaoZozbocoaoaca[\\]ac\b[vbovvaynb\nZ[Zd\]à ZvâdZoabh]̀ Z[\]~tavnynva\]apqrsc\b\nZ[cbhhZovn[w\Z\]anohZ[ha[\ob\nZ[câyâcb[v̂b\n\ivacub[vica\]à ZvâdZohZ̀ boncZ[c~  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g	g
	h	
iijkili m
n		hoojkp ol
